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Abstract. The role of 3D models has substantially changed for companies that
focus on the creation of consumer goods. For manufacturing and retail firms,
virtual objects are today the predominant medium for product development and
customization while virtual world and game developers not only build their entire
products based on 3D models but found that selling virtual goods in games and
virtual worlds can be more lucrative than selling the actual virtual environment.
The objective of this study is to emphasize the role of 3D models in the product
development processes and to identify similarities and differences between both
domains based on a literature review. The results imply that 3D models are today
prevalent in the entire value chain of both domains, while non-functional
attributes of 3D models are of increasing value. A commonality is the growing
importance of the user as source of knowledge for and creator of 3D models.
Keywords: virtual product, virtual good, product development, user creation.

1

Introduction

3D models are to date indispensable across a variety of industries and already being
used in numerous fields of application, such as digital entertainment, cultural heritage,
medical modelling, and architecture [1–5]. While companies in these industries utilize
3D models mainly as a mean to an end during the product development process or
create products and goods for business customers, two domains rely on 3D models
throughout the entire value chain for the creation of end consumer goods:
manufacturing and retail firms and virtual world and game developers. Modern
manufacturing and retail firms today draw on virtual products throughout their entire
value chain, from sketching and manufacturing to resale and visualization [6]. For
virtual world and game developers, however, 3D models are the essence to create their
environments and gain revenue through virtual goods. Even though both domains thus
heavily depend on 3D models, companies in these domains have long been considered
to have only few points of contact, given that collaborations were mostly limited to
branding and marketing efforts, e.g., in [7].
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But both domains are facing trends which might bring them closer together: For virtual
world and game developers, the steadily increasing dominance of the free-to-play
model [8] forces the providers of virtual environments to offer incentives and put
mechanisms in place which induce the players to purchase virtual goods. Since the sale
of the environment does not generate revenue, the free-to-play business model relies on
the monetization through the items within the environment [9]. These in-game sales,
although in most cases based on micropayment to make the player believe that s/he is
not paying that much for a single transaction [10], to date established a multi-billiondollar revenue market [11]. Market consumer goods to customers, however, is the core
discipline of manufacturing and retail firms. Manufacturing and retail firms on the other
hand identified virtual (VR) and augmented reality (AR) technologies as an opportunity
to provide customers in online retail with the possibility to experience and customize
their product in an enhanced and enjoyable manner [12] and leverage the technology
for inhouse product development (e.g., [13, 14]). Vice versa, creating enjoyable
interactive environments for users and virtual environments with complex
dependencies and collaboration are core disciplines of virtual world and game
developers.
Hence, the aim of this study is to investigate how the role of 3D models in the product
development process changed in both domains due to these emerging trends and
whether the processes show similarities and differences which in turn offer the
opportunity for collaboration and exchange of knowledge and methods. To achieve
these objectives, this study synthesizes literature from both domains in relation to the
usage of 3D models in the creation process for goods and products based on the
literature review methodology (section 2). The findings from the literature review are
illustrated in section 3 and discussed in section 4, leading to a preliminary model of the
product development stages and intermediate 3D models. Lastly, limitations and future
research are described in section 5.

2

Methodology

A systematic literature review is conducted to identify, synthesize, and discuss
publications in the manufacturing and retail firm and the virtual world and game
developer domain regarding the application of 3D models in the product development
process. To ensure the integrity of the results, the literature review process includes all
required steps recommended by Webster and Watson [15]. The search and inclusion
process is illustrated in Figure 1.
2.1

Search

First, a pre-screening of literature in relation to the creation of digital 3D models were
conducted to identify eligible keywords for the search process. Since the objective of
the study is to identify literature on end consumer goods, the selected terms should
represent 3D models that either are consumer goods or used for the creation of
consumer goods. For the manufacturing and retail domain, the commonly used term for

the development of consumer goods is “virtual product”, while virtual world and game
developers refer to the goods created for and sold in virtual environments as “virtual
good”, “virtual item” or “virtual asset”. Furthermore, the study focusses on the creation
and development of end consumer goods. Hence, the terms were searched in
combination with the words “creat*” and “develop*” in the title, abstract and keywords
of publications, resulting in the search string: (“virtual product*” OR “virtual good*”
OR “virtual item*) AND (“creat*” OR “develop*”). Second, the databases Web of
Science, ScienceDirect and IEEExplore were identified as eligible for the search due to
their high reputation in the research field. The preliminary search process in the three
databases resulted in 545 articles (Web of Science: 323 | Science Direct: 93 |
IEEExplore: 129). Third, duplicates were removed from the sample (98), as well as
false entries, retractions and publications that were not available (32). Finally, to ensure
a high quality of literature, both keynotes and book chapters (8) as well as conference
proceedings (198) were excluded.
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Figure 1. Search and inclusion process

2.2

Inclusion Criteria

The titles and abstracts of the remaining 209 publications were read and evaluated
regarding their suitability for the research objective. Since the study focusses on digital
3D models, publications that use the term “virtual” in relation to digital goods (e.g.,
eBooks) and the virtualization of hardware components (e.g., virtual server) were

excluded (criterion 1). In addition, other domains, and industries, such as architecture
or digital entertainment, rely on 3D models for their processes but are not in the scope
of the study. Thus, 28 publications were removed from the sample because they did not
focus on either of the two domains in scope (criteria 2). In a last step, the full-text of
the remaining publications was read. In this process, publications regarding the
distribution of goods and products were removed from the sample if the papers did not
contain contributions or implications for the creation of the good (criteria 3). Finally,
30 publications addressed the creation of tools that facilitate creation processes (e.g.,
Computer-Aided-Design software) rather than the actual development process of a
good or product and were thus excluded from the sample (criteria 4). Subsequently, a
back and forward search was conducted [15] which lead to the inclusion of 2
publications. Hence, the final sample consists of 40 studies (Table 1).
Table 1. Coding of literature
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2.3

Coding

The studies in the final sample were analyzed and coded in relation to generic product
development processes and the approaches in the publications to use or integrate 3D
models in the development process (Table 1). The identified generic processes are
prototyping, production and distribution. The two domains manufacturing and retail
firms and virtual worlds and game developers were preliminary set. In the
manufacturing and retail firm domain, most publications focus on concepts of how to
use 3D models to allow for spatial sketching, haptic interaction with a prototype, an
enhanced immersion with the product and an evaluation of the design. Since these
processes are needed for the creation and evaluation of prototypes, these publications
refer to the concept of virtual prototyping. A small proportion of literature focus on the
constraints between components of product which often requires the collaboration of
multiple designers. The tool and platforms developed for this purpose are therefore
summarized in the concept of virtual collaboration. Furthermore, two publications
describe the actual use of 3D models for the virtual simulation of the production process
(virtual fabrication). In addition, publications examine how the user can experience the
product before and after the purchase or how customers can be integrated both in the
creation and customization process of the products. Hence, the approaches for the
former are referred to as virtual product experience and for the latter as virtual customer
integration. In the virtual world and game developer domain, only two publications
mention how virtual goods can designed prior to the distribution of the good (virtual
prototyping). Furthermore, four publications focus on attributes that virtual goods may
possess to be purchased by the user. Although the papers concern virtual consumptions,
the implications in the studies affect how virtual goods should be designed and
integrated in the virtual environment and are therefore assigned to the concept of virtual
production in this study. Lastly, studies examine how users can be integrated in the
product development process or create and sell their own virtual goods in virtual
environments. Consequently, these studies belong to the concepts of virtual customer
integration and virtual entrepreneurship.

3

Results

The results of the study are aligned to the outcome of the coding process in section 3.
First, literature regarding the usage of 3D models in the manufacturing and retail firm
domain is reviewed, followed by the analysis of publications in the virtual world and
game developer domain. Reviewing literature from both domains reveals that
publications in the manufacturing and retail firm domain mostly focus on the in-house
prototyping (10 publications) and virtual collaboration (5 publications) while studies
on the actual creation of virtual goods are sparse in the virtual world and game
developer domain (2 publications). Publications rather focus on the virtual markets, i.e.,
the consumption and distribution of virtual goods which have implications on the
virtual production of the virtual goods (4 publications). Both consider the user as
integrational part of the development process, either as entrepreneur (2 publications),
contributor (10 publications) or consumer (5 publications).

3.1

Manufacturing and Retail Firms

Virtual Prototyping. Today, virtual prototyping is a common practice for
manufacturers to create first product drafts because the use of virtual instead of physical
objects is associated with less costs and allow an easy configurability, variant support,
the possibility to run several simulations on the same object [16]. Thereby, 3D models
can already be used in the sketching phase. In [17], 2D and 3D sketching is compared
in a virtual reality (VR) environment. The results show that users perceive 3D sketching
to be superior to 2D sketching due to a better spatial thinking and inspiration. VR based
approaches are also examined in the subsequent steps of virtual prototyping. To
enhance the immersion with the 3D models, i.e. the desired product, VR allows the
designer not only to develop but to interact with the product and other participants in
the virtual environment, leading to higher success rates in the development process [13,
14]. In [18], the VR environment is further enhanced by semantic schemes which
enable even unexperienced users to quickly adjust to the VR development interface.
The resulting prototypes can also be assessed and evaluated in these VR environments
which is found to be superior compared to 2D screen or even real prototypes [19]. While
these studies provide impressive results for using exclusively virtual environments to
enhance the virtual prototyping process, other approaches integrate 3D models into the
reality. Since human interactions with products are difficult to simulate, haptic sensors
can facilitate the virtual integration of human behavior. The sensors can capture the
human movements during the physical interaction which provides valuable feedback
on the usage behavior that can be integrated in the 3D model simulation [16]. In
addition, haptics lead to more realism and interactivity with the 3D object in the
prototyping process [20]. Given that the presence of the 3D model in the real
environment is expedient, developers can shift to AR instead of VR applications. In
[21], the authors utilize AR technology to place 3D models of the virtual product
directly in the hand of the user. With the help of a marker attached to the user’s hand,
the product developer can manipulate the 3D model in the real environment which leads
to an enhanced user experience and performance in the product evaluation process.
Apart from the ability to interact with the 3D models, the dependencies of product
components constitute a challenge in virtual prototyping. Due to the complexity of
virtual products, systems have been developed which allow to handle these assembly
dependencies and facilitate a collaborative product development process. Considering
these assembly constraints in the prototyping phase is essential and has determined
effects on the overall product performance and component alignment. Setting and
testing the assembly features virtually bears the potential to identify difficulties in the
interplay of components beforehand and thereby enhancing production efficiency [22].
In case that the assembly modelling is not well conducted, uncertainties occur that can
lead to the failure of the overall product, for example in its function or size [23].
Virtual Collaboration. Often, several designers are included in the development of the
same product, especially in the assembly of a product. Thus, concepts and tools are
required to facilitate collaborative development. In [24], the authors describe basic

characteristics for virtual collaboration environments: First, all assemblies should be
designed as independent components, so that every developer can manipulate the
object. Second, to avoid conflicts in the collaborative process, session manager systems
are required that clarify which developer can access the model in which session. To
extent this process not only to one developer team but to teams at different stages
throughout the entire lifecycle of the product, the file format of the 3D model is
essential [25] as well as creating an IT infrastructure that is able to communicate
information about the 3D model [26, 27]. The file format must be accessible and
modifiable by all involved parties and allow the transfer of the data. In turn, the
comparability of file formats and the ability of data exchange between systems is
tremendously important for the concept of virtual twins. The concept of the virtual twin
goes beyond the initial product development process and aims on including the
subsequent stages of the product lifecycle. Thereby, the product can be customized and
modified after purchase. Often, the term virtual twin is used in combination with the
term smart product which refers to the ability of the product to communicate its
condition and other relevant information [28]. This allows for modifications of the
product in use. However, these reconfiguration options are currently mainly limited to
IT services since they can be added to existing hardware components by wireless
connections and do not require a transportation of the product to a facility [28].
Virtual Fabrication. The 3D models designed in the collaborative virtual prototyping
process are the basis to retrieve important information, such as the bill of materials or
component functions, and to create repositories that provide these information for the
fabrication of the product [29]. The production process can also be pretested in a virtual
manner, i.e., by virtual fabrication. In [30], the virtual fabrication process is enhanced
based on VR and AR technology. The technologies allow the users to work
collaboratively on the 3D models meant for the production process and conduct a 3D
model validation and verification directly at the shop floor. But 3D models are not only
a medium to enhance the fabrication process of major firms. Today, the development
in additive manufacturing systems enables even individual businesses and start-ups to
manufacture their products based on a 3D design [31].
Virtual Product Experience. Apart from the ability to prototype and fabricate
products based on 3D models, virtual objects can be the basis for product visualization
and customization [32]. Based on software tools, users can change the design of a
product, for example the color of a car, hence adjusting the product to their specific
needs. However, the requirements for a 3D model used as a representation of the
product, for example in an online shop, differ from the requirements of a 3D model
used for in-house purposes. 3D models with the purpose of visualization and
customization must be user friendly, provide design attributes and a high level of
enjoyment [12]. A consideration of these characteristics leads to a positive attitude
towards the website and presented product [12] and in turn towards the manufacturer
or retailer offering the product. The virtual product experience is often divided in visual
and functional control, while both have a positive effect on the perceived diagnostic

and flow of consumers using online shopping environments [33]. In turn, the visual and
functional control can be increased by AR. Seeing the virtual product in the real
environment supports the user to make the right purchase decisions [34]. Recent VR
based approaches even allow the developers to directly interact with the customer
supported by sensory data to find perfectly fitting garments [35].
Virtual Customer Integration. But users can not only be considered as consumers but
as an essential asset for the product creation process itself. Working with users to coinvent and innovate new products have become an established mechanism for
manufacturing companies. The user can be included in all phases of the development
process [36]. In early phases, the user mostly functions as a feedback mechanism for
the design of the product. To facilitate the integrations of the user in the product
development process, virtual interaction tools help users to articulate their product
needs and transfer these information to the product development team [37, 38]. 3D
Models are used in this stage as a less cost and time consuming alternative to show
potential users a prototype of the product, to evaluate the functionality and usability of
the product and to gather knowledge about the customers’ purchase intention [39]. For
the product assessment, user control and media richness are drivers for the immersion
with the product [40]. Since VR can increase both factors, the technology is applied in
user integration processes. In [41], VR is used in combination with physiological
measurements, allowing the developers to capture the users emotional assessment of
the virtual product design. In the same vein, [42] use VR to measure the user
impressions of different design variants. However, relying on 3D models in this early
stage is considered risky because even slight changes in the final product may affect
the initial impression [39]. Apart from integrating the user for product testing,
companies rely on online communities to gather new ideas for product design [43], or
let the user customize and evaluate variants of the product [36].
3.2

Virtual World and Game Developers

Virtual Prototyping. Literature on the virtual good development processes of virtual
world and game developers is sparse. Virtual goods are intangible, mostly 3D models,
and only exist and have value in the virtual environment they have been created for or
in [8, 44]. Thus, they cannot be transferred and used in other virtual worlds or games.
Most research on virtual goods do not focus on the creation of the virtual good but
rather on the purchase and consumption of even such or the occurrence and role of
different types of virtual goods. However, two publications describe the creation
process of virtual assets that can be used as virtual goods. In [45], the authors adapted
the quality function deployment (QFD) method, mainly used in manufacturing for the
development of new products, to derive a QFD suitable for the development of virtual
items which can match the user needs with the characteristics of the virtual good. In
[46], the creation process of virtual goods is described from a user perspective, i.e. the
user as the creator of the good: The virtual world Second Life allows users to create

and assembly products and object parameters. Apart from shape, color, and texture, the
user can write scripts that define the functionality of the virtual good.
Virtual Production. Despite these two publications, most studies do not focus on the
creation of the virtual good but rather on determinants that influence the purchase of
the good, i.e., how the good must be produced to be consumed by the users. However,
one’s conclusion could be drawn from the implications of these studies. Amongst
others, user engagement, both behavioral and psychological (such as game satisfaction,
game customization, and social interaction), is identified as a key criterion that leads to
increasing virtual good purchase [47]. In turn, game developers are advised to maintain
engagement at a high level when they intend to gain significant revenue. This is in
direct contradiction to how game developers often design their games based on the
freemium business model: creating weak user experience to force the user to access
additional content [10]. Besides user engagement, social aspects are one of the main
drivers for in-game consumption. Virtual world and games are self-contained
environments that bear social hierarchies which are to some extend comparable to
reality from a consumption perspective. As for physical possession, having premium
accounts and specific valuable virtual goods can lead both to social distinction and
discrimination against users which have neither [48]. This can be intensively observed
for cosmetic, or non-functional virtual goods which do not provide the player with a
competitive advantage. Even though non-functional items have no competitive
advantages, user express themselves through these goods, for example by decorating
their virtual rooms or dressing their avatars [48]. These non-functional attributes gained
relevance in the past years because cosmetic goods can today be considered as the main
revenue stream for most free-to-play games [9].
Virtual Entrepreneurship and Customer Integration. The role of the user as creator
or contributor to virtual good creation differs in virtual worlds and games. In virtual
worlds, the user has the possibility to not only create both functional and non-functional
virtual goods, but act as a virtual entrepreneur and sell the created goods directly to
other participants in the virtual world. In most game environment, this is not the case.
The approaches are defined in [49] as bazaar versus cathedral standard. The former
facilitates the ability of the user not only to be involved in the creation but distribution
process of the virtual goods, for example in Second Life, while the latter exclude the
user from these processes, leading to markets governed by the provider, for example
World of Warcraft. Based upon these results, the authors explicitly examine “virtual
entrepreneurship” in the virtual worlds [50]: In virtual worlds, self-accomplishment or
reputation and social features are the main drivers for a user to become a virtual
entrepreneur. In addition, virtual entrepreneurship spurs the virtual economy in virtual
worlds. In turn, the growing virtual economy is recognized by other users and lead to
further endeavors to create own businesses in the environment. While the user thus can
be the actual creator of a virtual good, the integration of the user in the creation process,
is examined in [51]. In this study, user co-creation is the user’s willingness to contribute
to product development by sharing game experience in forums or cooperate with others,

not by explicitly designing virtual objects themselves for the game environment. From
the authors’ perspective, the role of users shift from “passive consumers to active
collaborators” ([51], p. 247).

4

Discussion and Implications

In this section, the findings from the literature review are synthesized and discussed,
resulting in a preliminary model of product development processes and intermediate
3D models illustrated in Figure 2. Three major findings can be derived from the
discussion of the results: the holistic integration of 3D models in the product
development process in the form of virtual assets, the gaining importance of the nonfunctional attributes of 3D models, and the increasing user involvement in the creation
process.
4.1

Virtual Assets

First, literature suggests that 3D models are prevalent in the entire value chain of
manufacturer and retail firms and virtual world and game developers. In the
manufacturer and retail firm domain, concepts have been developed that allow for an
entirely virtual product development process, from sketching to testing, evaluation and
fabrication [6, 17, 21, 30]. Especially VR and AR based applications are utilized in the
prototyping and fabrication phase to enhance the interaction with and the spatial
perception of the product in development. The sketches and models from the
prototyping and fabrication phase are thereby stored and exchanged based on digital
platforms [26]. Hence, while the virtual sketches are the basis for the creation of virtual
products (Figure 2, M2), both virtual sketches and products can be considered as virtual
assets [52] that can be used and adapted in different phases of the product development
process (Figure 2, M1, M3). Although no publication in the virtual world and game
domain explicitly focusses on the prototyping process for virtual goods, the study on
user created designs in virtual worlds provides insight in the creation process from a
prosumer perspective [46]: As for manufacturers, virtual sketches and models are
designed that can be considered as a virtual asset and adopted in subsequent steps of
the prototyping and virtual production process (Figure 2, V1, V3). But essentially, the
virtual sketches are the basis for the creation of virtual objects that in turn can become
virtual goods when they are integrated in the dedicated virtual environment (Figure 2,
V2, V4). By using VR and AR environments, manufacturers implicitly shift their
product development to virtual environments, where the core competences of virtual
worlds and game developers are essential: interactivity, usability, and user engagement
[12]. Hence, a collaboration with virtual world and game developers or an adoption of
product development methods from virtual world and game developers may foster the
advantages that result from the application of the VR and AR in the manufacturers’
product development processes. Vice versa, virtual worlds and game developers may
adopt product development methods from manufacturers, as already examined in [45].
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4.2

Non-Functional Attributes

Second, both virtual products and virtual goods consist of non-functional (design) and
functional (function) attributes that determine the production of the good, either in form
of a physical process (Figure 2, M4) or an integration of the good in a specific virtual
environment (Figure 2, V4). In both domains, the appearance, thus the non-functional
attributes of the 3D model, is of increasing relevance. While virtual world and game
developers concentrated on functional attribute for virtual goods to provide the player
with a competitive advantage, gaining advantages by paying money is not welcomed
by the majorities of players [8]. Hence, most virtual world and game developers today
generate revenues by selling non-functional goods to address consumption mechanisms
inherent to physical goods, for example social distinction and hedonic motivation [48].
While manufacturing and retail firms draw on established methods to foster the
consumption of their products, their need for non-functional attributes occurs due to the
complexity of their virtual products. Since virtual products include complex
components and material attributes to allow the simulation, testing or virtual fabrication
of the physical product, virtual products are mostly not of use for virtual environments
or virtual product experiences. The 3D models must be down-sampled by neglecting
specific components of the model or displaying them in a simplified way with adjusted
functionalities (e.g., as in [53]). Hence, the non-functional attributes of the product need
to be completely redesigned. Given that most manufacturers and retails offer a
multitude of products, this process is considered as time and resource consuming. Since
these 3D models are replicas of virtual products with considerably different
characteristics, they are described in this study as virtual product replica [52] (Figure
2, M5). These virtual product replicas can be adopted as virtual assets for
manufacturing and retail firms since they can be used throughout the entire product
development process if needed (Figure 2, M6). Due to the expertise of manufacturers
and retail firms regarding the consumption of consumer products, methods may be
transferred from manufacturing and retailer domain to the virtual world and game
developer domain to foster virtual good purchase. Vice versa, virtual world and game
developers draw on methods to specifically prepare 3D models for the usage in virtual
environment that might be transferred to the manufacturer and retail firm domain. In
both domains, technical artists or design studios may be required to create nonfunctional attributes and goods which offers a business opportunity for companies
focusing on the creation of even such.
4.3

User Integration

Third, the role of the user changed from a passive customer to an active participator,
also driven by the previously described need for non-functional attributes and goods.
Both manufacturing and retail firms and virtual world and game developers use virtual
tools to integrate the user in their product development processes (e.g., [38, 46]). As
manufacturing and retail firms, virtual world and game developers provide replicas of
the virtual goods used in the environments to allow the user a customization of the
good. Since these replicas do not include all attributes of the virtual goods in the

environment, i.e., functionality or textures and materials, these goods are defined as
virtual good replica in this study which can be adopted by virtual world and game
developers as virtual assets and used throughout the product development process
(Figure 2, V5, V6). The virtual good replicas empower the user to customize nonfunctional characteristics of the object for both virtual worlds and games. In game
environments, the game provider is thereby taking mostly the part of the “producer”.
The production process is conducted by adapting user created, non-functional content
and transferring the attributes to the in-game item (Figure 2, V7, V8). An example for
this process is the steam workshop environment which allows users to take part in
challenges with the purpose to create non-functional designs (skins) for weapons [54].
The challenge winning skins are afterwards adapted by the game developer for the
virtual good. In some virtual worlds, however, the user can act as the creator of the
entire virtual good, thus define both functional and non-functional characteristics [46]
(Figure 2, V9). Hence, the user can either create both functional and non-functional
attributes of a good inside the dedicated virtual environment or create non-functional
attributes of the good outside the virtual environment by using a virtual tool.
Manufacturers and retail firms on the other hand use 3D models to provide users with
a virtual product experience and allow them to customize the product they intend to
buy (Figure 2, M7, M8). For the virtual product experience, the virtual product replica
should correspond with the characteristics known from the virtual world and game
developer domain, i.e., user friendliness, user friendly and an enjoyment [12].
Differences between both domains occur due to the specific environments the goods
are produced and used in: While virtual goods are produced and used in the virtual
environment, manufacturers are required to produce the good physically. Hence, the
3D models are information carrier and recorder that contain necessary manufacturing
information. Due to the current developments in additive manufacturing [31], users
might be enabled to create entire products and relying on manufacturing firms solely as
contractors for the production process. But to date, users can not create and produce
entire physical products in cooperation with manufacturers as it is possible in virtual
world environments.

5

Limitations and Future Research

The limitations of the study stem from the methodological approach and the analysis of
the results. First, conference proceedings were not included in the literature search and
selection process. The inclusion of high-quality conference proceeding may not only
strengthen the results of the study but provide a better understanding of current
research. While the methodological approach does not require the inclusion of
conference proceedings, an extension of the study with conference proceedings might
be considered in future research. Second, the analysis and interpretation of the results
were conducted by a single author. Although the findings were discussed with other
researchers, the results remain subjective. Third, since no research was identified that
considers the in-house processes of virtual world and game developers, the findings
regarding the creation process rely on publications that describe the creation from a

user perspective. However, since the results stem from virtual worlds that allow the
users to use the scripting environment of the virtual world for the creation of the goods,
the processes provide an understanding of how the in-house development process of
the corresponding development team might be established.
Due to the sparse research on the creation process of virtual goods, future research
may focus on the analysis of these processes based on case studies or expert interviews.
Especially the mechanisms and approaches to integrate the user as a customizer or
creator of virtual goods constitute an interesting research avenue because the degree of
integration may influence the business model of virtual world and game developers.
The user as an independent creator and producer of virtual goods in the environment,
also in games, may bear a user-based business model that focus revenue share rather
than a one-sided producer-dominated market. For research on manufacturers and retail
firms, product development processes may be reconsidered. Virtual product replicas
meant for virtual product experience and virtual customer integration seem to have
more similarities with the 3D models used in the prototyping stage than the rather
complex virtual product. Thus, research may focus on the characteristics 3D models
considered for prototyping and if they can serve as objects for user integration and
virtual product experience. In addition, less research analyzes the interdependencies
and knowledge exchange between the manufacturer and retail firm and the virtual world
and game developer domain which may lead to the transfer of theory and methods. In
the same vein, virtual assets at the intersection of manufacturer and retail firms and
virtual world and game developers are not considered in the identified literature.
Although public markets exist which offer virtual assets (e.g., [55], [56]), these
platforms are largely unexplored. Lastly, the derived product development process
model in Figure 2 is the first model that considers both domains, the dependencies of
the corresponding virtual objects and intermediate 3D models. However, the
preliminary model needs to be validated and extended by practical empiricism and case
studies with companies from both domains.

References
1. Remondino, F., El-Hakim, S.: Image-based 3D Modelling: A Review. The Photogrammetric
Record 21, 269–291 (2006)
2. Schreer, O., Feldmann, I., Kauff, P., Eisert, P., Tatzelt, D., Hellge, C., Muller, K., Bliedung,
S., Ebner, T.: Lessons Learned During One year of Commercial Volumetric Video
Production. SMPTE Motion Imaging Journal 129, 31–37 (2020)
3. Scopigno, R., Callieri, M., Cignoni, P., Corsini, M., Dellepiane, M., Ponchio, F., Ranzuglia,
G.: 3D Models for Cultural Heritage: Beyond Plain Visualization. Computer 44, 48–55
(2011)
4. Rengier, F., Mehndiratta, A., Tengg-Kobligk, H. von, Zechmann, C.M., Unterhinninghofen,
R., Kauczor, H.-U., Giesel, F.L.: 3D printing based on imaging data: review of medical
applications. International journal of computer assisted radiology and surgery 5, 335–341
(2010)
5. Bouchlaghem, D., Shang, H., Whyte, J., Ganah, A.: Visualisation in architecture,
engineering and construction (AEC). Automation in Construction 14, 287–295 (2005)

6. Pfouga, A., Stjepandić, J.: Leveraging 3D CAD Data in Product Life Cycle: Exchange –
Visualization – Collaboration. In: Curran, R., Wognum, N., Borsato, M., Stjepandić, J.,
Verhagen, Wim, J. C. (eds.) Transdisciplinary Lifecycle Analysis of Systems, pp. 575–584.
IOS Press BV, Amsterdam, NL (2015)
7. Zhu, D.H., Chang, Y.P.: Effects of interactions and product information on initial purchase
intention in product placement in social games: the moderating role of product familiarity.
Journal of Electronic Commerce Research 16, 22–33 (2015)
8. Hamari, J., Keronen, L.: Why do people buy virtual goods: A meta-analysis. Computers in
Human Behavior 71, 59–69 (2017)
9. Marder, B., Gattig, D., Collins, E., Pitt, L., Kietzmann, J., Erz, A.: The Avatar's new clothes:
Understanding why players purchase non-functional items in free-to-play games. Computers
in Human Behavior 91, 72–83 (2019)
10. Heimo, O.I., Harviainen, J.T., Kimppa, K.K., Mäkilä, T.: Virtual to Virtuous Money: A
Virtue Ethics Perspective on Video Game Business Logic. Journal of Business Ethics 153,
95–103 (2018)
11. newzoo: 2020 Global Games Market Per Device & Segment, https://newzoo.com/keynumbers (Accessed: 10.11.2020)
12. Algharabat, R., Abdallah Alalwan, A., Rana, N.P., Dwivedi, Y.K.: Three dimensional
product presentation quality antecedents and their consequences for online retailers: The
moderating role of virtual product experience. Journal of Retailing and Consumer Services
36, 203–217 (2017)
13. Bao, J.S., Jin, Y., Gu, M.Q., Yan, J.Q., Ma, D.Z.: Immersive virtual product development.
Journal of Materials Processing Technology 129, 592–596 (2002)
14. Stark, R., Israel, J.H., Wöhler, T.: Towards hybrid modelling environments - Merging
desktop-CAD and virtual reality-technologies. CIRP Annals 59, 179–182 (2010)
15. Webster, J., Watson, R.T.: Analyzing the Past to Prepare for the Future: Writing a Literature
Review. MIS Quarterly 26, xiii–xxiii (2002)
16. Bordegoni, M., Colombo, G., Formentini, L.: Haptic technologies for the conceptual and
validation phases of product design. Computers & Graphics 30, 377–390 (2006)
17. Israel, J.H., Wiese, E., Mateescu, M., Zöllner, C., Stark, R.: Investigating three-dimensional
sketching for early conceptual design - Results from expert discussions and user studies.
Computers & Graphics 33, 462–473 (2009)
18. Makris, S., Rentzos, L., Pintzos, G., Mavrikios, D., Chryssolouris, G.: Semantic-based
taxonomy for immersive product design using VR techniques. CIRP Annals 61, 147–150
(2012)
19. Park, H., Son, J.-S., Lee, K.-H.: Design evaluation of digital consumer products using virtual
reality-based functional behaviour simulation. Journal of Engineering Design 19, 359–375
(2008)
20. Teklemariam, H.G., Das, A.K.: A case study of phantom omni force feedback device for
virtual product design. International Journal on Interactive Design and Manufacturing 11,
881–892 (2017)
21. Park, H., Moon, H.-C.: Design evaluation of information appliances using augmented
reality-based tangible interaction. Computers in Industry 64, 854–868 (2013)
22. Choi, A.C.K., Chan, D.S.K., Yuen, A.M.F.: Application of Virtual Assembly Tools for
Improving Product Design. International Journal of Advanced Manufacturing Technology
19, 377–383 (2002)
23. Heimrich, F., Anderl, R.: Approach for the Visualization of Geometric Uncertainty of
Assemblies in CAD-Systems. Journal of Computers 11, 247–257 (2016)

24. Rosenman, M., Wang, F.: A component agent based open CAD system for collaborative
design. Automation in Construction 10, 383–397 (2001)
25. Pfouga, A., Stjepandić, J.: Leveraging 3D geometric knowledge in the product lifecycle
based on industrial standards. Journal of Computational Design and Engineering 5, 54–67
(2018)
26. Xiao, S., Xudong, C., Li, Z., Guanghong, G.: Modeling framework for product lifecycle
information. Simulation Modelling Practice and Theory 18, 1080–1091 (2010)
27. Zhang, H., Wang, H., Chen, D., Zacharewicz, G.: A model-driven approach to
multidisciplinary collaborative simulation for virtual product development. Advanced
Engineering Informatics 24, 167–179 (2010)
28. Abramovici, M., Göbel, J.C., Savarino, P.: Reconfiguration of smart products during their
use phase based on virtual product twins. CIRP Annals 66, 165–168 (2017)
29. Bohm, M.R., Stone, R.B., Szykman, S.: Enhancing Virtual Product Representations for
Advanced Design Repository Systems. Journal of Computing and Information Science in
Engineering 5, 360–372 (2005)
30. Dangelmaier, W., Fischer, M., Gausemeier, J., Grafe, M., Matysczok, C., Mueck, B.: Virtual
and augmented reality support for discrete manufacturing system simulation. Computers in
Industry 56, 371–383 (2005)
31. Kang, H.S., Noh, S.D., Son, J.Y., Kim, H., Park, J.H., Lee, J.Y.: The FaaS system using
additive manufacturing for personalized production. Rapid Prototyping Journal 24, 1486–
1499 (2018)
32. Olsen, K.A., Saetre, P.: Managing product variability by virtual products. International
Journal of Production Research 35, 2093–2108 (1997)
33. Jiang, Z., Benbasat, I.: Virtual Product Experience: Effects of Visual and Functional Control
of Products on Perceived Diagnosticity and Flow in Electronic Shopping. Journal of
Management Information Systems 21, 111–147 (2004)
34. Lu, Y., Smith, S.: Augmented Reality E-Commerce System: A Case Study. Journal of
Computing and Information Science in Engineering 10, 21005 (2010)
35. Tao, X., Chen, X., Zeng, X., Koehl, L.: A customized garment collaborative design process
by using virtual reality and sensory evaluation on garment fit. Computers & Industrial
Engineering 115, 683–695 (2018)
36. Dahan, E., Hauser, J.R.: The virtual customer. Journal of Product Innovation Management
19, 332–353 (2002)
37. Füller, J., Matzler, K.: Virtual product experience and customer participation - A chance for
customer-centred, really new products. Technovation 27, 378–387 (2007)
38. Hippel, E. von, Katz, R.: Shifting Innovation to Users via Toolkits. Management Science
48, 821–833 (2002)
39. Artacho, M.A., Ballester, A., Alcántara, E.: Analysis of the impact of slight changes in
product formal attributes on user's emotions and configuration of an emotional space for
successful design. Journal of Engineering Design 21, 693–705 (2010)
40. Klein, L.R.: Creating virtual product experiences: The role of telepresence. Journal of
Interactive Marketing 17, 41–55 (2003)
41. Katicic, J., Häfner, P., Ovtcharova, J.: Methodology for Emotional Assessment of Product
Design by Customers in Virtual Reality. Presence: Teleoperators and Virtual Environments
24, 62–73 (2015)
42. Kim, C., Lee, C., Lehto, M.R., Yun, M.H.: Affective evaluation of user impressions using
virtual product prototyping. Human Factors and Ergonomics in Manufacturing & Service
Industries 21, 1–13 (2011)

43. Bugshan, H.: Co-innovation: the role of online communities. Journal of Strategic Marketing
23, 175–186 (2015)
44. Fairfield, J.A.T.: Virtual Property. Buston University Law Review 85, 1047–1102 (2005)
45. Li, S.G., Kuo, X.: The enhanced quality function deployment for developing virtual items
in massive multiplayer online role playing games. Computers & Industrial Engineering 53,
628–641 (2007)
46. Varajão, J., Morgado, L.: Potential of virtual worlds for marketing tests of product
prototypes. Journal of The Textile Institute 103, 960–967 (2012)
47. Cheung, C.M.K., Shen, X.-L., Lee, Z.W.Y., Chan, T.K.H.: Promoting sales of online games
through customer engagement. Electronic Commerce Research and Applications 14, 241–
250 (2015)
48. Mäntymäki, M., Salo, J.: Why do teens spend real money in virtual worlds? A consumption
values and developmental psychology perspective on virtual consumption. International
Journal of Information Management 35, 124–134 (2015)
49. Jung, Y., Pawlowski, S.D.: Virtual goods, real goals: Exploring means-end goal structures
of consumers in social virtual worlds. Information & Management 51, 520–531 (2014)
50. Jung, Y., Pawlowski, S.: The meaning of virtual entrepreneurship in social virtual worlds.
Telematics and Informatics 32, 193–203 (2015)
51. Wu, S.-L., Hsu, C.-P.: Role of authenticity in massively multiplayer online role playing
games (MMORPGs): Determinants of virtual item purchase intention. Journal of Business
Research 92, 242–249 (2018)
52. Korbel, J.J., Blankenhagel, K.J., Zarnekow, R.: The Role of the Virtual Asset in the
Distribution of Goods and Products. In: AIS (ed.) Proceedings of the 25th Americas
Conference on Information Systems (AMCIS) (2019)
53. Lee, K.H., Woo, H., Suk, T.: Data Reduction Methods for Reverse Engineering. The
International Journal of Advanced Manufacturing Technology 17, 735–743 (2001)
54. Steam: Steam Workshop, https://steamcommunity.com/workshop/about/?appid=730
(Accessed: 03.12.2020)
55. Turbosquid: Turbosquid, https://www.turbosquid.com (Accessed: 03.12.2020)
56. CGTrader: CGTrader, https://www.cgtrader.com (Accessed: 02.12.2020)

